Transition metal alkynyl complexes containing perfluoroaryl groups have been prepared directly from trimethylsilyl-protected mono-and di-ethynyl perfluoroarenes by simple desilylation/metallation reaction sequences. Reactions between Me 3 SiC∫CC 6 F 5 and RuCl(dppe)Cp¢ [Cp¢ = Cp, Cp*] in the presence of KF in MeOH give the monoruthenium complexes Ru(C∫CC 6 F 5 )(dppe)Cp¢ [Cp¢ = Cp (2); Cp* (3)], which are related to the known compound Ru(C∫CC 6 F 5 )(PPh 3 ) 2 Cp (1). Treatment of Me 3 SiC∫CC 6 F 5 with Pt 2 (m-dppm) 2 Cl 2 in the presence of NaOMe in MeOH gave the bis(alkynyl) complex Pt 2 (m-dppm) 2 (C∫CC 6 F 5 ) 2 (4). The Pd(0)/Cu(I)-catalysed reactions between Au(C∫CC 6 F 5 )(PPh 3 ) and Mo(∫CBr)(CO) 2 Tp* [Tp* = hydridotris(3.5-dimethylpyrazoyl)borate], Co 3 (m 3 -CBr)(m-dppm)(CO) 7 or IC∫CFc [Fc = (h 5 -C 5 H 4 )FeCp] afford Mo(∫CC∫CC 6 F 5 )(CO) 2 Tp* (5), Co 3 (m 3 -CC∫CC 6 F 5 )(m-dppm)(CO) 7 (6) and FcC∫CC∫CC 6 F 5 (7), respectively. The diruthenium complexes 1,4-{Cp¢(PP)RuC∫C} 2 C 6 F 4 [(PP)Cp¢ = (PPh 3 ) 2 Cp (8); (dppe)Cp (9); (dppe)Cp* (10)] are prepared from 1,4-(Me 3 SiC∫C) 2 C 6 F 4 in a manner similar to that described for the monoruthenium complexes 1-3. The non-fluorinated complexes 1,4-{Cp¢(PP)RuC∫C} 2 C 6 H 4 [(PP)Cp¢ = (PPh 3 ) 2 Cp (11); (dppe)Cp (12); (dppe)Cp* (13)], prepared for comparison, are obtained from 1,4-(Me 3 SiC∫C) 2 C 6 H 4 . Spectro-electrochemical studies of the ruthenium aryl and arylene alkynyl complexes 2-3 and 8-13, together with DFT-based computational studies on suitable model systems, indicate that perfluorination of the aromatic ring has little effect on the electronic structures of these compounds, and that the frontier orbitals have appreciable diethynylphenylene character. Molecular structure determinations are reported for the fluoroaromatic complexes 1, 2, 3, 6 and 10.
Introduction
Substitution of ring hydrogens by fluorines in aromatic compounds results in dramatic differences in properties, 1 such as the marked increase in acidity of C 6 F 5 CO 2 H when compared with benzoic acid (K a = 4.2 ¥ 10 -4 vs. 6.2 ¥ 10 -5 ), 2 and the tendency of the polyfluoroaromatics to undergo nucleophilic substitution.
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In addition, the introduction of strongly electron-withdrawing fluorine atoms at strategic points in a molecular structure might be expected to fine-tune electronic properties through stabilisation of a School of Chemistry and Physics, University of Adelaide, Adelaide, South Australia, 5005 b 1,4-diethynyltetrafluorobenzene-based bridging ligands are comparable with the analogous aromatic hydrocarbon compounds. UV-Vis-NIR spectroelectrochemical studies are consistent with the conclusions drawn from the computational work, and indicate that the ethynylaromatic ligands are redox non-innocent.
Results and discussion
Complexes derived from Me 3 SiC∫CC 6 F 5 An earlier report has described the synthesis of Ru(C∫CC 6 F 5 )-(PPh 3 ) 2 Cp (1) in 76% yield by treatment of pentafluorophenylacetylene with RuCl(PPh 3 ) 2 Cp in the presence of sodium methoxide.
5 Here, the new analogues Ru(C∫CC 6 F 5 )(dppe)Cp¢ (Cp¢ = Cp 2, Cp* 3) were synthesised by reacting Me 3 SiC∫CC 6 F 5 with RuCl(dppe)Cp¢ in the presence of potassium fluoride in 63% and 54% yields, respectively (Scheme 1). The latter route does not require prior deprotection of the alkyne and therefore avoids the additional desilylation/purification steps associated with the isolation of the terminal acetylene from the silylated precursor.
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Elemental analyses supported by spectroscopic data confirmed the formulations of these complexes. Thus, in the 19 F NMR spectra, the five fluorine nuclei resonate as three signals with relative intensities 2/1/2 from AA¢MXX¢ systems.
17, 18 The ortho and meta fluorines of 1 and 2 are found as multiplets at d F -142.9, -145.6 and -166.3, -168.8, respectively, and the para-fluorines are observed as triplets at d F -165.7, -168.3, due to coupling with the meta fluorine nuclei [J(FF) = 21 Hz]. This coupling is also observed in the central parts of the AA'XX' resonance assigned to the metafluorines. Replacing the Cp group by Cp* in 3 has little effect on the resonance from the ortho-fluorine atoms which is found at d F -145.8, although unusually, the para-fluorine resonance (d F -169.1) is observed upfield of that from the meta-fluorine atoms (d F -168.9) . Comparison of the 19 F chemical shifts for HC∫CC 6 F 5 [d -134.2 (o-F), -149.9 (p-F), -159.6 (m-F)] with those of 2 shows that replacement of H by the Ru(dppe)Cp moiety results in shifts of -11.4, -18.4 and -9.2 ppm, reflecting the electron-donating properties of the Ru centre.
In the 31 P NMR spectra, characteristic resonances at d P 87.0 (2) or 81.7 (3) were found. The electrospray-mass spectra (ES-MS) of these complexes contained M + at m/z 756 (2) and 826 (3), which fragmented by loss of F to give ions at m/z 738 (2) and 808 (3), respectively. The structures of 2 and 3 were confirmed by X-ray studies of crystals grown from dichloromethane/hexane (see below). Two equivalents of Me 3 SiC∫CC 6 F 5 react with Pt 2 (mdppm) 2 Cl 2 19 in the presence of sodium methoxide to give Pt 2 (mdppm) 2 (C∫CC 6 F 5 ) 2 (4). The non-fluorinated analogue has been made in a similar fashion on a previous occasion. 20 The IR spectrum of 4 contains a single n(CC) band at 2079 cm -1 . In the 1 H NMR spectrum, characteristic resonances are found for the dppm ligand at d 4.62 (CH 2 ) and between d 6.96 and 7.90 (Ph). In the 31 P NMR spectrum the phosphine ligands give rise to a resonance at d 2.13, with evident coupling to 195 Pt [J(PPt) = 2816 Hz]. In the 19 F NMR spectrum the usual three multiplets are found at d F -143.1, -165.7 and -168.2 for the ortho-, paraand meta-fluorines, respectively. The ES-MS contains [M + H] + at m/z 1541. As with the synthesis of 1, no evidence was found to suggest that the para-fluorine of 4 underwent nucleophilic attack by the methoxide present in the reaction mixture. This may be for kinetic reasons, with the metallation reaction and precipitation of the product taking place prior to fluoride substitution, but could also be due to electron-donation from the metal-acetylide fragment increasing the electron density at the para-carbon of the fluoroaromatic substituent.
Complexes derived from Au(C∫CC 6 F 5 )PPh 3
The Pd(0)/Cu(I)-catalysed reaction between phosphine-gold(I) alkynyls and C(sp 2 or sp 3 )-X (X = Br, I) bonds has recently been developed as a base-free analogue of the Sonogashira reaction, which is useful in the preparation of novel metal-containing alkynyl and poly-ynyl derivatives.
16 Using this methodology, reaction between Au(C∫CC 6 F 5 )(PPh 3 ) and Mo(∫CBr)(CO) 2 Tp* [Tp* = hydridotris(3.5-dimethylpyrazoyl)-borate] gave the pentafluorophenyl-terminated C 3 complex, Mo(∫CC∫CC 6 F 5 )(CO) 2 -at m/z 959 was observed. The structure of the complex was also established by a single crystal X-ray diffraction study.
The Cadiot-Chodkiewicz reaction, in which a terminal alkyne RC∫CH and a haloalkyne XC∫CR¢ are cross-coupled in the presence of a copper catalyst, is a well-known route to the preparation of differentially substituted 1,4-buta-1,3-diynes, RC∫CC∫CR¢.
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The reaction between Au(C∫CC 6 F 5 )(PPh 3 ) and iodoethynylferrocene, IC∫CFc, gives 1-ferrocenyl-4-pentafluorophenylbuta-1,3-diyne, FcC∫CC∫CC 6 F 5 (7), accompanied by some FcC∫CC∫CFc. The composition of the former compound was readily established from elemental analysis and the usual spectroscopic data. Thus in the IR spectrum a single n(CC) band was observed at 2220 cm -1 . In the 13 For purposes of comparison with the fluorinated complexes here, it was desirable to examine the hydrocarbon analogues Ru(C∫CPh)(PP)Cp¢ and 1,4-{Cp¢(PP)RuC∫C} 2 C 6 H 4 . All three monoruthenium complexes Ru(C∫CPh)(PP)Cp¢ have been reported elsewhere.
8,23, 24 Of the diruthenium complexes only the very insoluble compound 1,4-{Cp(PPh 3 ) 2 RuC∫C} 2 C 6 H 4 (11) has been prepared previously.
25 The more soluble systems 1,4-{Cp(dppe)RuC∫C} 2 C 6 H 4 (12) and 1,4-{Cp*(dppe)RuC∫C} 2 C 6 H 4 (13) were readily prepared from reactions of 1,4-(Me 3 SiC∫C) 2 C 6 H 4 and two molar equivalents of the appropriate chloride precursor RuCl(PP)Cp¢ in the presence of KF (Scheme 3). The characterisation of these compounds was straightforward, and details of the elemental analytical and spectroscopic results are given in the Experimental section.
Molecular structures
The structures of 1, 2, 3, 6 and 10 have been determined by single-crystal X-ray diffraction studies † and molecules of these complexes are depicted in Fig. 1-5 . Table 1 contains selected structural parameters for all but 6, for which selected data are given in the caption to the associated Figure, whilst Table 2 summarises in 3 the Ru-C(1) distance is 2.000(3) Å . The carbon chain of 2 is significantly less distorted than that of 3, with angles at C(1,2) of 178.7(6) and 177.2(7)
• (for 2) compared with values of 168.9(3) and 170.2(3)
• for 3. In 10 the Ru(dppe)Cp fragment has the expected geometry, with Ru-P(1,2) 2.2542(7) and 2.2607(7) Å and Ru-C(Cp) 2.223(3)-2.264(3) Å ; the C(1)-C(2), C(2)-C(3) separations are 1.221(3), 1.427(3) Å and the Ru-C(1) distance is 1.996(2) Å . The carbon chain is again somewhat distorted, with angles at C(1,2) of 172.6(2) and 172.2(3)
• , respectively. Surprisingly, compound 10 appears to represent the first bimetallic ruthenium complex of general type L n RuC∫CArC∫CRuL n to be structurally characterised.
Comparison of closely related complexes containing Ph and C 6 F 5 groups shows that there are few significant structural 
Molecule 2 is similar, differing only in the aromatic ring orientations.
differences. Considering the three pairs: Ru(C∫CC 6 X 5 )(PP)Cp¢ [X = H, F; (PP)Cp¢ = (PPh 3 ) 2 Cp and (dppe)Cp, (dppe)Cp*, the Ru-P distances are experimentally the same in each pair, although they may differ with ligand set. 8,23, 24 The Ru-C(1) distance is longer in the phenylethynyl derivatives than in the 
Electrochemistry
Extensive studies of the redox properties of arylalkynyl complexes containing M(PP)Cp¢ [M = Fe, Ru; PP = (PPh 3 ) 2 , dppe; Cp¢ = Cp, Cp* (not all combinations)] fragments have been made, with complementary spectroscopic and computational work used to analyse the physical and electronic structure of the redox-related species.
7-9 In the case of arylalkynyl compounds of the Group 8 metals, the extensive mixing of the metal and alkynyl frontier orbitals leads to a significant degree of carbon ligand character in (9) 86.38(7) P(2)-Ru-C (1) 87.4(2) 81.6(2) 87.62 (9) 85.45(7) Ru-C(1)-C (2) 173.0(5) 178.7(6) 168.9(3) 172.6(2) the HOMOs of the resulting radical cations. 8,9 Table 3 collects electrochemical data for the ruthenium s-alkynyl complexes 2-3, 8-13 and the monoruthenium complexes Ru(C∫CPh)(PP)Cp¢ described above, referenced against the ferrocene/ferrocenium couple. Given the contribution from the aryl ring to the redox-active orbital in these systems, it is unsurprising that perfluorination of the arylalkynyl ligand leads to less thermodynamically favourable oxidation (e.g., 2 +0.10 V, 3 -0.04 V) than found in the hydrocarbon analogues such as Ru(C∫CPh)(dppe)Cp (-0.08 V) and Ru(C∫CPh)(dppe)Cp* (-0.26 V).
9,31, 32 The fluorinated bimetallic complexes 8-10 and the hydrocarbon analogues 11-13 each undergo two reversible oxidation events, E 1 and E 2 with DE p = |E 2 -E 1 | ca. 200-300 mV. The larger DE p values are generally associated with the complexes featuring perfluorinated bridges, and indicate the greater stability of the mono-oxidised species with respect to disproportionation. This is likely a consequence of the higher thermodynamic barrier to the second oxidation brought about by the electron-withdrawing fluoro substituents. The first oxidation potentials follow the same trends as observed for the monometallic complexes, with oxidation of the fluorinated species being less thermodynamically favourable when compared with the hydrocarbon analogues.
Electronic structure calculations
In order to more fully probe the influence of perfluorination on the electronic structure of compounds such as Ru(C∫CC 6 X 5 )(PP)Cp¢ and 1,4-{Cp¢(PP)RuC∫C} 2 C 6 X 4 (X = H, F), a series of density functional theory (DFT) calculations (B3LYP/3-21G*) were carried out on the model systems Ru(C∫CC 6 F 5 )(PH 3 ) 2 Cp (1-F), Ru(C∫CPh)(PH 3 ) 2 Cp (1-H), 9 1,4-{Cp(PH 3 ) 2 RuC∫C} 2 C 6 F 4 (8-F) and 1,4-{Cp(PH 3 ) 2 RuC∫C} 2 C 6 H 4 (11-H). Results from the structural optimisations are summarised in Table 4 , with relevant data from single crystal X-ray diffraction experiments of suitable compounds for comparison. Details of the orbital energies and compositions are summarised in Tables 5 and 6 , and important orbitals are illustrated in Fig. 6-9 . Whilst the basis set employed is relatively small, it has proven to be entirely satisfactory against other, larger, basis sets for Ru(C∫CC 6 X 5 )(PP)Cp¢ type compounds.
9
The electronic structures of pseudo-octahedral d 6 metal alkynyl complexes such as 1-H have been studied on previous occasions at various levels of theory, 7-9 and only pertinent details are summarised here for completeness. The highest occupied molecular orbitals of the monometallic systems 1-H and 1-F essentially comprise the antibonding combinations of the orthogonal acetylene p-system with metal d-orbitals of appropriate symmetry (Fig. 6  and 7) . The acetylide phenyl substituent is oriented either orthogonally (1-H) or co-planar (1-F) with a plane bisecting the P-Ru-P angle. However, the barrier to rotation around the C(2)-C(21) bond is small (estimated at 0.3 and 0.4 kcal mol -1 for 1-H and 1-F, respectively, at B3LYP/3-21G*) and the preferential orientation structural data from 1-H, 1-F, 8-F and 11-H 
Table 5
The energy (E/eV) and composition of selected frontier molecular orbitals in 1-F and 1-H seems to depend more upon the level of theory employed or the starting point for the geometry optimisation than any significant electronic factor. In either case, the repulsive interactions between the filled M-C∫C and phenyl fragment orbitals destabilise the more delocalised orbital, and therefore it is this that comprises the HOMO. The contribution from the arylalkynyl fragment to the HOMO is not negligible (ca. 56-67%), 9 with fluorination of the ligand resulting in only a small decrease in the ligand character. Thus, for either system descriptions of the redox chemistry in terms of metal-localised behaviour is likely an oversimplification. In contrast to the delocalised nature of the HOMO, in both 1-H and 1-F the LUMO is centred on the metal fragment, without any significant contribution from the arylalkynyl moiety ( Fig. 6 and 7) . The aryl/alkynyl p* systems lie above these empty metal orbitals, and, as would be expected, the p*-system of the fluorinated ring is somewhat lower in energy than that of the analogous orbital from the aromatic hydrocarbon (Table 6) . Table 6 The energy (E/eV) and composition of selected frontier molecular orbitals in 8-F and 11-H In general, perfluorination has little effect on the gross description of the electronic structure of the arylalkynyl complexes of ruthenium described here, save to stabilise the orbital manifold to some extent. A small elongation of the calculated Ru-P bond lengths is not reproduced within the level of precision of the structure determinations of Ru(C∫CPh)(PPh 3 ) 2 Cp 23 and 1. However, the contraction of the Ru-C(1) bond length observed upon comparison of the optimised geometries of 1-H and 1-F is reflected at the limit of precision in the experimentally determined structures, and likely arises from the greater electrostatic attraction of the Ru and C(1) centres in the case of the fluorinated compound.
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11-H
The calculated electronic structures of the bimetallic systems 11-H and 8-F, which are similar to each other, merit consideration and discussion. Geometry optimisations for 11-H and 8-F show minima (type A) with the phenyl ring of the bridging ligand orthogonal to the plane bisecting the P-Ru-P angles and minima (type B) with the phenyl ring of the bridging ligand co-planar with the plane bisecting the P-Ru-P angle. Both minima A and B have the same energies at B3LYP/3-21G* for 11-H and 8-F. Similar behaviour for related systems has been noted elsewhere. 33 Here we focus on type A minima in detail for 11-H and 8-F, although similar conclusions for structure type B may also be made. The HOMOs of 11-H and 8-F are, in each case, of comparable composition to those of the mononuclear models ( Fig. 8 and  9 ), being delocalised over the metal centres, alkynyl fragment and aromatic ring system. Interestingly, the HOMO in 11-H and 8-F is 65-70% diethynyl aromatic ligand in character, and consequently the compounds are best described in terms of an organic diethynylarylene featuring strong p-donating substituents [the Ru(PP)Cp¢ fragments]. In each case, the HOMO is wellseparated in energy from the other occupied orbitals, in agreement with the electrochemical observation of two anodic events. The HOMO-1 can be described in terms of the various other inand out-of-phase combinations of the metal (d) and acetylide (p) orbitals, and being lower in energy in the case of the fluorinated derivative ( Fig. 8 and 9 , Table 6 ). Within the unoccupied orbital manifold the diethynylbenzene p* system is interleaved within the unoccupied metal d orbitals, with the fluorinated system naturally lying lower in energy than the hydrocarbon analogue (Table 6 ). Interestingly, although Koopmans' theorem has no direct correlation with DFT-based methods of electronic structure calculation, the HOMO in 11-H is higher in energy than the HOMO in 8-F. This energy order maps with the differences in redox properties of 11 and 8, and supports the fairly intuitive observation than the introduction of the perfluoroaryl group leads to less thermodynamically favourable oxidation processes (vide supra).
UV-Vis-NIR spectroelectrochemistry
To provide an experimental check of the key conclusions drawn from the computational work (i.e. that the electronic structures of the bimetallic ruthenium complexes 1,4-{Cp¢(PP)RuC∫C} 2 C 6 X 4 (X = H, F) are largely insensitive to fluorination of the alkynylaryl ring system, and that the HOMOs contain a very large amount of alkynylaryl character), UV-Vis-NIR spectroelectrochemical studies were conducted on complexes 10 and 13 (Fig. 10) , chosen as samples representative of the series 8-13. The spectra of the neutral complexes 10 and 13 are similar, each being dominated by an intense band at 27100 (13) or 24900 (10) cm -1 . The red-shift of this band on fluorination of the phenylene ring is consistent with the assignment of the band to an MLCT transition, or perhaps more accurately to a bridge-based p-p* transition, albeit with the p-orbitals of the bridge admixed with some metal character (ML-LCT). In each case, this characteristic band collapses upon one-electron oxidation and is replaced by structured bands or composite band envelopes in the region 20000-17000 cm -1 and 8000-5000 cm -1 . Both [10] + and [13] + feature structured bands in the visible region that are similar to those observed in related radical Fig. 10 The UV-Vis-NIR spectra of [10] n+ (top) and [13] n+ (bottom) (CH 2 Cl 2 /0.1M NBu 4 BF 4 ).
complexes 34 and compounds 35 in which the phenylene ring systems are intimately involved in supporting the unpaired electron. When this experimental observation is considered alongside the DFT results, it is reasonable to describe oxidation of the ruthenium complexes 1,4-{Cp¢(PP)RuC∫C} 2 C 6 X 4 in terms of depopulation of the HOMO to give a SOMO of comparable character to those depicted in Fig. 8 and 9 . The band envelope in the NIR region is similar in each of [10] + and [13] + , and can be deconvoluted into the sum of two Gaussian-shaped components (Fig. 11 ), which contrasts with more complex deconvolutions associated with the NIR spectrum of the strongly coupled mixed valence complex 1,4-[{Cp*(dppe)FeC∫C} 2 C 6 H 4 ] + due to the pronounced "cut-off" on the high energy side, and potential complications arising from multiple IVCT transitions. 36 The almost identical band-shapes of the components in the NIR band envelopes of [10] + and [13] + provides yet more evidence for the electronic similarity of these compounds. The absorption profile is red-shifted in the case of the fluorinated ring system, consistent with transfer of electron density to the phenylene-based orbitals in the transitions responsible for these bands, providing further evidence for the involvement of the phenylene ring in the redox active orbital. The deconvoluted NIR bands are also considerably narrower than predicted from the Hush model for weakly-coupled mixed-valence compounds,
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and too intense to be simple dd bands associated with a d 5 metal centre. Therefore, the lower energy component is assigned to the [HOMO-1] to SOMO transition, which has metal-ethynyl (d-p) to aryl (p) character. The higher energy component can be attributed to a transition from a lower-lying, more metal based orbital (or orbitals) to the SOMO (i.e. an M-MLCT transition).
Although an electrogenerated sample of the dication [10]
2+ decomposed before a reliable spectrum could be obtained, the UVVis-NIR spectrum of the dication [13] 2+ was satisfactorily obtained by controlled potential electrolysis in a spectroelectrochemical cell, as evidenced by the sequential re-reduction through [13] + to [13] . The spectrum of [13] 2+ (Fig. 10) is similar in profile to that of [Ru(C∫CC 6 H 4 Me-4)(dppe)Cp*] + , and by analogy the major visible band in [13] 2+ can be assigned to a metal-to-metal/ligand (M-MLCT) transition.
9 A weaker band is also present in the NIR region of [13] 2+ , which is similar to that observed for the analogous mononuclear system [3] + and may therefore be assigned to a similar transition between approximately orthogonal orbitals with significant metal d/ethynyl p character.
9
Taken as a whole, these UV-Vis-NIR spectroscopic data support the conclusions drawn from the DFT work, and indicate that the frontier/redox active orbitals in 1,4-{Cp¢(PP)RuC∫C} 2 C 6 X 4 systems are heavily centred on the bridging ligand. It is therefore not appropriate to discuss the properties of these compounds in terms of mixed-valence models, but rather they should be regarded as further examples of bimetallic compounds featuring redox "non-innocent" bridging ligands.
38

Conclusions
This work has demonstrated the efficient syntheses of several complexes featuring mono-and di-ethynyl derivatives of perfluoroinated phenyl and phenylene ring systems, by treating the readily available SiMe 3 -protected alkyne with equivalent amounts of the metal-halide precursor either in a fluoride-or NaOMe-initiated desilylation/metallation reaction sequence. Whilst nucleophilic substitution reactions are common in the chemistry of perfluoroaromatics, the introduction of a strong inductive electrondonating metal alkynyl fragment effectively turns off this reaction pathway. Gold-modified Sonogashira and Cadiot-Chodkiewicz coupling protocols are also effective as chain extension reactions involving perfluorophenyl rings. In the case of the monometallic (1-3) and bimetallic (8-13) ruthenium alkynyl complexes, perfluorination of the alkynyl-based ligand does not greatly affect the overall electronic structure of the compounds. Rather, perfluorination leads to a small stabilisation of the orbital manifold, and consequently less thermodynamically favourable oxidation. Interestingly, calculations reveal a significant (ca. 60-70%) contribution from the ethynyl aromatic moiety to the HOMOs in the ruthenium systems. This prediction is supported by UV-Vis-NIR spectroscopy, and raises questions about the nature of the oxidation events (metal-vs. ligand-centred) and "mixed valence" character of many similar ruthenium/alkynyl based systems. Further experiments directed at probing this point are in progress and will be reported elsewhere.
Experimental General
All reactions were carried out under dry nitrogen, although normally no special precautions to exclude air were taken during subsequent work-up. Common solvents were dried, distilled under nitrogen and degassed before use. Separations were carried out by preparative thin-layer chromatography on glass plates (20 ¥ 20 cm 2 ) coated with silica gel (Merck, 0.5 mm thick).
Instruments
IR spectra were obtained on a Bruker IFS28 FT-IR spectrometer from samples mounted between NaCl windows. NMR spectra were recorded on a Varian 2000 instrument ( 1 H at 300.13 MHz, 13 C at 75.47 MHz, 31 P at 121.503, 19 F at 282.39 MHz). Unless otherwise stated, samples were dissolved in CDCl 3 or C 6 D 6 contained in 5 mm sample tubes. Chemical shifts are given in ppm relative to internal SiMe 4 for 1 H and 13 C NMR spectra and external H 3 PO 4 for 31 P NMR spectra. 19 F NMR spectra were referenced to CFCl 3 , with internal C 6 F 6 (d F -164.9) as the standard. Electrospray mass spectra (ES-MS) were obtained from samples dissolved in MeOH unless otherwise indicated. Solutions were injected into a Fisons VG Platform II spectrometer via a 10 ml injection loop. Nitrogen was used as the drying and nebulising gas. NaOMe was used as an aid to ionisation when required. 39 Peaks listed are the highest intensity ions in the isotopic envelopes. Electrochemical samples (1 mM) were dissolved in CH 2 Cl 2 containing 0.1 M [NBu 4 ]BF 4 as the supporting electrolyte. Cyclic voltammograms were recorded using a PAR Model 263 potentiostat and a cell with all Pt electrodes, and reported against ferrocene (FeCp 2 /[FeCp 2 ] + = +0.00 V). Under these conditions, the decamethylferrocene/decamethylferrocenium couple is -0.53 V, and cobaltocene/cobaltocenium -1.34 V. Elemental analyses were by CMAS, Belmont, Vic., Australia. Details of the spectroelectrochemical cell and conditions have been published elsewhere.
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Reagents
The compounds RuCl(dppe)Cp*, 46 and Ru(C∫ CPh)(dppe)Cp¢ (Cp¢ = Cp, Cp*) 31 were all prepared as described previously.
Ru(C∫CC 6 F 5 )(PPh 3 ) 2 Cp (1)
A sample of this complex was obtained as previously described,
5
and recrystallised from dichloromethane/hexanes for the crystallographic study. (c) Pt 2 (l-dppm) 2 (C∫CC 6 F 5 ) 2 (4). To a stirred suspension of Pt 2 (m-dppm) 2 Cl 2 (100 mg, 0.08 mmol) in NaOMe [from Na (50 mg) in MeOH (10 ml)] was added an excess of Me 3 SiC∫CC 6 F 5 (50 mg). This mixture was stirred at r.t. for 6 h before the resulting precipitate was collected and washed with MeOH followed by hexane to give Pt 2 (m-dppm) 2 8 (m, 2F, o-F 4 (15 mg, 0.01 mmol) and CuI (5 mg, 0.02 mmol) in thf (10 ml) was stirred at r.t. for 2 h. The solvent was then removed and the residue purified by preparative t.l.c. using acetone-hexane (3:7, v/v) as eluent. The major fraction was collected as a bright orange band containing FcC∫CC∫CC 6 F 5 (7) (19 mg, 50%). Anal. 2 Cp (100 mg, 0.14 mol) and KF (8 mg, 0.15 mmol) in thf (5 ml) and MeOH (20 ml) was heated under reflux for 5 h. The resulting yellow precipitate was collected and washed with MeOH followed by hexane to give 1,4-{CpRu(PPh 3 ) 2 (C∫C)} 2 C 6 F 4 (8) (b) 1,4-{Cp(dppe)Ru(C∫C)} 2 C 6 F 4 (9). As for 8, 1,4-(Me 3 SiC∫C) 2 C 6 F 4 (28 mg, 0.08 mmol), RuCl(dppe)Cp (100 mg, 0.17 mmol) and KF (9 mg, 0.16 mmol) in thf (5 ml) and MeOH (20 ml) gave yellow 1,4-{Cp(dppe)Ru(C∫C)} 2 C 6 F 4 (9) (28 mg, 26% (c) 1,4-{Cp*(dppe)Ru(C∫C)} 2 C 6 F 4 (10). Similarly, from 1,4-(Me 3 SiC∫C) 2 C 6 F 4 (26 mg, 0.07 mmol), RuCl(dppe)Cp* (100 mg, 0.15 mmol) and KF (8 mg, 0.15 mmol) in thf (5 ml) and MeOH (20 ml) was obtained yellow 1,4-{Cp*(dppe)Ru(C∫C)} 2 C 6 F 4 (10) (65 mg, 63% (b) 1,4-{Cp*(dppe)Ru(C∫C)} 2 C 6 H 4 (13). A suspension of RuCl(dppe)Cp* (500 mg, 0.747 mmol), 1,4-(Me 3 SiC∫C) 2 C 6 H 4 (99 mg, 0.374 mmol), and KF (100 mg, 1.72 mmol) in methanol (40 ml) was heated at reflux for 1 h under a nitrogen atmosphere. The yellow precipitate formed was collected and washed with MeOH and hexane and dried to give 13 as a yellow powder (390 mg, 0.280 mmol, 75% 
Structure determinations
Full spheres of CCD area-detector diffraction data were measured. N tot reflections were merged to N unique (R int cited) after
